Introduction
Neuroendocrine carcinomas (NEC) encompass a variety of cancers that arise from the neuroendocrine cell system. Well-differentiated (low-grade) neoplasms include carcinoid (grade 1) and atypical carcinoid (grade 2), while poorly-differentiated (high-grade) neoplasms include small cell and large cell NEC tumors (both grade 3) (Kurman et al., 2014) . Prognosis is highly dependent upon histologic sub-type and anatomic site of primary origin (Gardner et al., 2011) . NEC tumors of the gynecologic tract are very rare. Overall, small cell NEC of the cervix represents only 1-2% of all cervical malignancies (McCusker et al., 2003) . Current treatment plans incorporate traditional management considerations for both cervical cancer and small cell lung cancer. While the rarity of this type of tumor precludes treatment based on prospective data, early stage disease (Stage I-IIA) is typically treated with radical hysterectomy, pelvic lymphadenectomy (LAD), and adjuvant chemotherapy (Gardner et al., 2011) . Due to its aggressive behavior, NEC histology is classically considered a relative contraindication to fertility-sparing surgery. Here, we present a case of Stage IB1 small cell NEC of the cervix successfully treated with fertility-sparing surgery Gynecologic Oncology Reports 13 (2015) (radical trachelectomy and bilateral pelvic LAD) followed by adjuvant multi-agent chemotherapy.
Case
A 26 year old Gravida 2 Para 2 was referred to our division for cervical adenocarcinoma in situ diagnosed on coloposcopically-directed biopsy performed for a Pap smear consistent with atypical glandular cells of undetermined significance. The patient had a previous low-grade abnormality of a Pap smear approximately 5 years prior to her current diagnosis, with multiple intervening Pap smears showing no abnormality. On repeat colposcopy at presentation, there was evidence of neovascularization and aceto-white changes. The cervix felt firm and bulky. She was taken to the operating room for examination under anesthesia and Cold Knife Conization (CKC) of the cervix with Endocervical Curettage (ECC) to rule out invasive disease. Pathology from the CKC identified a small cell NEC at 7-9 o'clock measuring 0.7 cm in maximum diameter with a depth of invasion of 3.5 mm extending to the ectocervical margin (Fig. 1a) . The endocervical margin was negative. Lymphovascular invasion was present. Immunohistochemical stains were strongly positive for chromogranin and synaptophysin (Fig. 1b,c ) and negative for p63 (a small squamous cell carcinoma marker). ECC was negative for malignancy. A PET/CT scan revealed no evidence of metastatic disease. The patient was counseled regarding the standard management of early stage small cell NEC tumors, including radical hysterectomy with pelvic LAD followed by chemotherapy. The patient expressed a strong desire to retain fertility. She was in a stable relationship with her longtime boyfriend. She was counseled about risks of a fertility-sparing surgical approach and elected to proceed. A pelvic MRI demonstrated a thickening of the cervix at the external os with a maximum thickness of 12 mm and no parametrial or nodal involvement. She had a consultation with the reproductive endocrinology division and underwent oocyte retrieval. She was then taken to the operating room for radical abdominal trachelectomy, pelvic LAD, endometrial curettage, and cerclage placement. Her surgery and post-operative course were without complications. Final pathology showed no residual carcinoma in the trachelectomy specimen, along with nineteen negative pelvic lymph nodes. Endometrial curettings showed only progestational effect. The patient received 4 cycles of adjuvant cisplatin and etoposide, which she tolerated well. She has been followed for 26 months and is currently without evidence of disease on imaging and physical examination. Three subsequent lower uterine segment biopsies have been negative. Of note, she has not yet attempted to become pregnant. She has since resumed normal monthly menstrual cycles.
Discussion
Most commonly, NEC tumors that originate in the cervix are of small cell histology. Median age of diagnosis is in the 6th decade, with a range of 21-87 years old reported in the literature (Gardner et al., 2011) . All are related to high risk HPV infection, with HPV 18 predominating. Coexisting endocervical adenocarcinoma is frequently found (Kurman et al., 2014) . Often, patients present with abnormal bleeding and a palpable cervical mass. Other cases have been detected on Pap smear (Chan et al., 2003) . Rarely, patients can present with signs or symptoms related to ectopic hormone secretion (SIADH, Cushing Syndrome, hypoglycemia, carcinoid syndrome, hypercalcemia, or myasthenia gravis) (Gardner et al., 2011) .
Microscopically, NEC typically has high mitotic rates with extensive necrosis and lymphovascular space involvement (Chan et al., 2003) . The differential diagnosis of other tumors that histologically appear similar includes: basaloid or small cell squamous cell carcinomas, embryonal rhabdomyosarcoma, lymphoma, and undifferentiated carcinoma that originates in the lower uterine segment (Gardner et al., 2011) . Immunohistochemical staining patterns usually helps distinguish NEC histology from the above entities (cytokeratin positive, p63 negative, and positive for one or more neuroendocrine markers). Of note, up to 60% of small cell NEC lack staining for any of the four typical neuroendocrine markers (chromogranin, synaptophysin, CD56, neuron specific enolase).
The staging system for NEC cervical carcinomas is as described for other more common histologies of cervical cancer. Stage for stage, however, NEC histology portends a worse prognosis when compared with poorly differentiated squamous cell carcinomas of the cervix (Ambros et al., 1991; Walker et al., 1988) . Negative prognostic factors include advanced stage, larger tumor size, lymphatic metastases, pure small cell histology, and tobacco use (Chan et al., 2003) .
Early stage disease is often treated with radical hysterectomy and regional lymphadenectomy followed by adjuvant multi-agent chemotherapy (cisplatin and etoposide) due to tendency of tumor spread to the lymphatics and high rate of extra-pelvic recurrences (Gardner et al., 2011; Chan et al., 2003) . Several retrospective reviews and case series have examined the role of adjuvant radiotherapy, however, no survival benefit has been demonstrated (Sheets et al., 1988; Sevin et al., 1996; Chang et al., 1998) . No randomized prospective trials, however, have been performed to truly guide management. Radical trachelectomy with regional lymphadenectomy has been widely studied for patients with early stage non-NEC tumors of the cervix who desire fertility preservation. Oncologic outcomes of this approach are acceptable if the right candidates are selected. Typically, patients with NEC histology are not considered candidates for fertility-sparing surgery. There is only one other case reported in the literature of a patient with a NEC cervical cancer who underwent radical trachelectomy (Hertel et al., 2006) . In this case, the pre-operative diagnosis based on CKC was of an undifferentiated carcinoma. However, final trachelectomy pathology was consistent with a small cell NEC carcinoma. Post-operatively the patient was treated with carboplatin, paclitaxel, and etoposide and was without evidence of disease recurrence at the time of the authors' publication.
In the case of our patient, she was extensively counseled regarding standard treatment approaches for NEC cervical carcinoma. Favorable prognostic factors in this case were early stage, small tumor size, nonsmoking status, and lack of residual tumor on hysterectomy specimen. Data to support current management algorithms is not dictated by prospective randomized trials, which leaves room for individualization for treatment on a case-by-case basis. When the right candidate is selected, fertility-sparing surgery for NEC small cell tumors of the cervix can lead to satisfactory oncologic outcomes. Further investigation into fertilitysparing surgery in patients with NEC cervical cancer is warranted.
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